Morningness and eveningness preference, an endogenous component of the circadian clock, is characterized by an interindividual difference in circadian phase and requires of humans a specific timing of behavior. The biological rhythms of morning and evening types are consequently phase shifted with fixed socioeconomic constraints. The impact of this phase shift on health is widely debated. The purpose of the authors' study was to determine the influence of morningness/eveningness preference on self-reported morbidity and health in an active population. A total of 1165 nonshift workers of the French national electrical and gas company, enrolled in the GAZEL cohort and aged 51.3 ± 3.3 years, were included in this study. They replied by mail with a completed questionnaire, including morningness/eveningness preference, self-reported morbidity, subjective sleep patterns, and daytime somnolence and sleeping schedules for 3 weeks, during the spring of 1997. Annual self-reported health impairments were assessed with the annual general questionnaire of the GAZEL cohort for 1997. After adjustment for age, sex, and occupational status, morningness-like and eveningness-like participants reported a specific worse self-reported morbidity. Whereas morningness was associated with worse sleep (p = 0.0001), eveningness was associated with feeling less energetic (p = 0.04) and physical mobility (p = 0.02). These relationships were observed even in good sleepers, except for physical mobility. After adjustment for confounding variables, eveningness-like participants reported more sleep (p = 0.0004) and mood (p = 0.00018) disorders than morningness-like participants. Morningness/ eveningness preference was related to specific chronic complaints of insomnia: morningness was related with difficulty in maintaining sleep (p = 0.0005) and the impossibility to return to sleep in the early morning (p = 0.0001) (sleep phase-advance syndrome); eveningness was related with difficulty in initiating sleep (p = 0.0001) and morning sleepiness (p = 0.0001). In good sleepers, morningness was related with sleep phase-advance syndrome (p = 0.0001) and eveningness with morning sleepiness (p = 0.0001). In conclusion, the expression (phase advance or delay) of the circadian clock could be related to worse self-reported morbidity and health. These findings must be verified by further epidemiological studies, but they suggest that the impossibility to return to sleep in the early morning is not only associated with age.
The endogenous circadian clock generates harmonious daily variations of physiological and behavioral functions. The morningness/eveningness preference, characterized by a specific timing of behavior, is an essential and endogenous interindividual component of the circadian clock (Kerkhof and Van Dongen, 1996; Duffy et al., 1999) . During constant routine, significant differences have been observed between morning and evening types in the circadian phases of body temperature and alertness. More than phase difference, fundamental clock mechanisms seem to be different between the two chronotypes . Moreover, it has been suggested that morningness and eveningness depend on a circadian gene polymorphism (Katzenberg et al., 1998) .
Morning and evening types can be classified as follows (Kerkhof, 1985) :
Morning types, the so-called larks, represent individuals who are fatigued in the evening, go to bed and rise at an early hour, feeling refreshed and fully alert and find it difficult to remain awake beyond their usual bedtime. Evening types, the so-called owls, are those who perform at their best in the evening, go to bed relatively late, feel fatigued at normal waking time, and find it difficult to get up in the morning.
These two timings of behavior or lifestyles might depend on the expression of the biological clocks, in that Kerkhof and Van Dongen (1996) and Duffy et al. (1999) demonstrated the endogenous nature of morningness and eveningness. The biological rhythms are consequently phase shifted, phase advance for morning types or phase delay for evening types, with fixed socioeconomic constraints.
The impact of this phase shift on health is widely debated. Although Gale and Martyn (1998) in a cross-sectional and longitudinal analysis of a representative group of the elderly did not show any relationship between morningness/eveningness preference and health, other authors have found a relationship between diurnal preference and sleep and mood disorders. For example, morning types are awake longer and may have worse sleep continuity (Carrier et al., 1997; Taillard et al., 1999) , whereas evening types may find it more difficult getting to sleep (Broman and Hetta, 1998) . Eveningness seems to be related to depressive (Broman and Hetta, 1998; Chelminski et al., 1999) and anxious symptoms (Broman and Hetta, 1998) .
To confirm the hypothesis that there is a link between diurnal preference and health, especially sleep disorders and mood disorders, our study exam-ined self-reported morbidity and health impairments related to morningness/eveningness preference in a population of French workers.
METHODS
Five thousand forty-one volunteers, enrolled in the GAZEL cohort (Goldberg et al., 1990) and living in two French regions, Ile-de-France and Aquitaine, were selected for this study. In February 1997, they were asked by mail to fill in a questionnaire.
The questionnaire included
• The Horne and Ostberg questionnaire (Horne and Ostberg, 1976) , a validated instrument usually used to evaluate chronotypology (morningness or eveningness). The final score gives the degree of morningness/eveningness; the higher the morningness/eveningness score (MES), the greater the degree of morningness. • The Basic Nordic Sleep Questionnaire (BNSQ) (Partinen and Gislason, 1995) includes more precise questions on sleep patterns and sleep disorder.
Replies are classified on a 5-point scale of frequency (1 = never or less than once per month, 5 = daily or almost daily). • The Epworth Sleepiness Scale (ESS), used to evaluate the general level of daytime sleepiness (Johns, 1991) .
Higher scores indicate excessive daytime somnolence. • The Lavigne scale, assessing the presence or absence of periodic movement during sleep (Lavigne and Montplaisir, 1994) . Like the BNSQ, replies were classified on a 5-point scale of frequency. • The French version of the Nottingham Health Profile (NHP) (Bucquet et al., 1990) Annual health impairments were assessed with another independent data source: the annual general questionnaire of the GAZEL cohort for 1997. Volun-teers indicated in a predefined list all health impairments occurring during the previous year and during the current year.
To determine the influence of morningness/ eveningness preference on self-reported morbidity, especially on sleep morbidity, we included only individuals working with regular schedules. Since seasonality may occur in diurnal preference (Lacoste and Wirtz-Justice, 1987) , we included only workers answering the questionnaire between March and June 1997.
To identify the effect of diurnal preference on self-reported morbidity in participants without sleep and mood disorders, we also selected from the whole group a subgroup of good sleepers. The inclusion criteria for this subgroup were not complaining of any sleep or mood disorder, not taking hypnotic or psychotic drugs, not reporting poor sleep quality (BNSQ item 6 ≤ 3), not suffering from excessive daytime sleepiness (ESS < 16), not suffering from periodic movements during sleep (Lavigne items ≤ 3), not reporting sleep apnea during at least 5 days/week (BNSQ item 5 < 4), and not snoring loudly and intermittently (BNSQ item 4 < 5) for 3 to 5 days per week (BNSQ item 3 < 3).
Relationships between MES and self-reported morbidity, using the six scales of the NHP and current morbidity and sleep habits evaluated by the sleep diary or the BNSQ, were tested only by linear regression analysis, using MES as the dependent variable. We used linear regression analysis (with MES as the dependent variable) to analyze the relationship between MES and independent variables, including confounding variables. This made it possible to reduce the number of regressions, to use the same statistical test in the case of continuous or bimodal variables, and to verify our hypothesis on variables with more than two modalities (e.g., BNSQ items).
These data were adjusted for the potential confounding factors of age, sex, and occupational status. Age was stratified in 4-year increments (44-48, 49-53, 54-58) . Occupational status was classified in three grades: low grade (blue-collar workers, clerks, craftsmen), middle grade (supervisors, foremen, midlevel professionals), and high grade (senior professionals, engineers). Occupational status was introduced into all models because it was a bias variable in the GAZEL cohort. The relationship between MES and adjusted factors was assessed using the Mann-Whitney and Kruskal-Wallis tests.
Because the number of participants in the last three categories was small for certain questions of the BNSQ using a 5-point scale, we grouped them together (3: on 1-2 nights or days per week, 4: on 3-5 nights or days per week, 5: every night or day). For questions 3 and 17, the number of participants was closed for the five scales, so we used this classification for further analysis. Each variable calculated from the sleep diary was stratified in four equal classes. The SAS statistical package was used for all analyses.
RESULTS

Whole Group
During the spring of 1997, questionnaires were returned from 2092 volunteers. Among these, 1165 participants fully completed the questionnaire and had regular diurnal work schedules. The characteristics of the population are described in Table 1 . We had no information concerning family and social constraints. The mean MES was 58.8 ± 7, and the distribution of the score is presented in Fig. 1 . Men had higher MES than women (p < 0.0001). MES increased with age (p = 0.007) but was similar for the different occupational levels.
In a set of regression analyses (one for each NHP dimension), we found after adjustment for age, sex, and occupational status that morningness was associated with a higher score on the sleep scale (beta = 0.022, p = 0.019). Eveningness was associated with a higher score on physical mobility (beta = -0.058, p = 0.01), energy (beta = -0.025, p = 0.003), social isolation (beta = -0.04, p = 0.004), and emotional reactions (beta = -0.022, p = 0.05). In a linear regression model including all NHP dimensions (Table 2) , only three NHP scales were related to MES after adjustment for age, sex, and occupational status. Morningness was associated with a high score on the sleep scale (p = 0.0001). Eveningness was associated with a high score on the physical mobility (p = 0.02) and energy scales (p = 0.04) ( Table 2) .
Using the BNSQ and after adjustment for age, sex, and occupational status, morningness was associated with more nocturnal awakening during the week (p = 0.0005) and more excessively early morning waking (p = 0.0001). Eveningness was associated with more difficulties falling asleep (p = 0.0001) and more sleepiness in the morning (p = 0.0001) ( Table 2) .
Considering sleep habits assessed by the sleep diary, morningness was associated with earlier waking time (p = 0.0001) and with earlier bedtime (p = 0.0001) ( Table 2) after adjustment for age, sex, and occupational status. There was no relation between MES and time in bed, total sleep time, or sleep latency.
After adjustment for age, sex, and occupational status, and according to the sleep, energy, and physical mobility scales of the NHP, eveningness was associated with the presence of depression (p = 0.0018) and sleep disorders (p = 0.0004) ( Table 2) . We did not observe any relation between MES and current morbidity.
Good Sleeper Subgroup
Five hundred sixty-six participants were classified as good sleepers. The characteristics of the population are shown in Table 1 .
The mean MES was 59.1 ± 7 (Fig. 1) . Men had higher MES than women (p < 0.002). MES increased with age (p < 0.0001), but was similar for the different occupational levels.
After adjustment for age, sex, and occupational status, morningness was associated with a high score on the NHP sleep scale (p = 0.0001), whereas eveningness was associated with a high score on the NHP energy score (p = 0.009) (Table 3) .
Using the BNSQ and after adjustment for age, sex, and occupational status, morningness was associated with excessive early waking in the morning with inability to fall asleep thereafter (p = 0.0001) and eveningness was more often associated with sleepiness in the morning (p = 0.0001) (Table 3) .
Using sleep diary variables, morningness was associated only with earlier bedtime (p = 0.0001) and waking time (p = 0.0001) (Table 3) .
After adjustment for age, sex, and occupational status, and together with NHP sleep and energy scales, chronotype was not related to health impairments (previous or current).
DISCUSSION
In the present study, and contrary to the prior study of Gale and Martyn (1998) , we demonstrate, after adjustment for confounding factors, that circadian clocks can have a major impact on self-reported morbidity and health. This difference may be due to the classification of morningness/eveningness. Although Gale and Martyn classified subjects according to bedtime, we used MES to classify them. On one hand, in this study, eveningness was associated with sleep and mood disorders. On the other hand, morning-like and evening-like participants reported a specific worse self-reported morbidity assessed by the NHP. Whereas morningness was associated with worse sleep, eveningness was associated with feeling less energetic and physical mobility. These relationships were observed even in participants without sleep and mood disorders, except for the physical mobility scale. Therefore, in middle-aged participants, self-reported morbidity was affected by morningness/eveningness independently of age, sex, or sleep quality.
Curiously, morningness-like participants did not report any major sleep disorders in a predefined health impairments list. Using the BNSQ to assess sleep disorders, they more often reported nocturnal waking during the week, but the major complaint of morning-like types was waking too early in the morning without returning to sleep. Furthermore, this complaint is an item in the NHP sleep scale.
Although eveningness was associated with sleep and mood disorders, the NHP did not reveal any sleep problems. The BNSQ showed difficulty in initiating sleep and particularly an excessive sleepiness in the morning after waking. Sleep diaries did not show any association between reduced sleep latencies and eveningness.
Taillard et al. / SELF-REPORTED MORBIDITY AND CIRCADIAN CLOCK 187 Table 2 . Results of sets of regression in whole group where MES (morningness/eveningness score) was the dependent variable. Confounding variables (age, sex, and occupational status) and nonsignificant independent variables are not presented in the table. For each class, an estimate (beta) gave the deviation (positive or negative) between the mean MES of the class and the mean MES of the referent class. For self-reported morbidity, beta was relative to an increase in 1 in the scale (0-100). If the deviation is positive, MES increased (tendency to morningness), and if the deviation is negative, MES decreased (tendency to eveningness). The higher the beta, the higher the deviation. These results are in agreement with those of Carrier et al. (1997) , who demonstrated that sleep timing (bedtime and waketime) and sleep parameters were mediated by morningness/eveningness independently of age. For bedtime, alertness at waking, percentages of REM, and stage 1, MES accounted for the entire relationship between age and sleep.
Dependent
Our results may be important for understanding sleep and mood disorders. Since it is well established that aging is associated with a shift toward morningness, this study may be important for understanding sleep age-related changes. Morningness, reflecting a phase advance of the circadian timing system, was associated with worse sleep as assessed by the NHP. This was true even in good sleepers. Morningness in middle-aged participants was associated with chronic insomniac complaints: difficulty in maintaining sleep and phase advance of sleep-wake schedules, which are generally observed in the elderly. Even though the impossibility to return to sleep in the early morning is not yet well understood, the study shows that this phenomenon is not only associated with age. These sleep complaints may be explained by the phase shift between timing of the circadian clock and socioeconomic constraints. The hypothesis of the Harvard group was that the phase relationships between the sleep-wake cycle and the temperature nadir between young morning types, young evening types, and older subjects were different. Young morning subjects awaken relatively late in the circadian cycle (long time interval between temperature nadir and habitual waketime), whereas older morning subjects awaken early in the circadian cycle (short time interval between temperature nadir and habitual wake-time). Early waketime in young morning subjects may be related to a short circadian period. Older morning subjects awaken at a time when the circadian system is sensitive to the phase-advancing effects of morning light exposure. The impossibility to return to sleep in the early morning (near the temperature nadir) may be related to this. Furthermore, older subjects are more susceptible to internal arousing stimuli. In this hypothesis, young evening subjects and older morning subjects have the same circadian period, but older subjects have a shorter phase-wake time interval than young evening subjects (1.53 versus 2.26 h). Young evening subjects awaken during a more sensitive portion of the light-phase response curve. The difficulty in sustaining sleep in the early morning in older subjects could be related also to changes in the sleep process itself, such as a reduction in slow-wave sleep and sleep spindles as well as a reduced strength of the circadian signal promoting sleep in the early morning hours (Dijk and Duffy, 1999) . These changes in the sleep process have also been observed in middle-aged people. In the elderly, phase advance has also been associated with a reduction in circadian amplitude (Czeisler et al., 1992) . In Table 3 . Results of sets of regression in whole group where MES (morningness/eveningness score) was the dependent variable. Confounding variables (age, sex, and occupational status) and nonsignificant independent variables are not presented in the table. For each class, an estimate (beta) gave the deviation (positive or negative) between the mean MES of the class and the mean MES of the referent class. For self-reported morbidity, beta was relative to an increase in 1 in the scale (0-100). If the deviation is positive, MES increased (tendency to morningness), and if the deviation is negative, MES decreased (tendency to eveningness). The higher the beta, the higher the deviation. middle-aged subjects, morningness has been found to be associated with a lower circadian amplitude (Baehr et al., 2000) . Amplitude could mediate changes in sleep timing (Dijk and Duffy, 1999) . In our study, we did not have any information about the characteristics of the circadian clocks, and it was difficult to explain the impossibility to sleep in the early morning in these participants. To truly understand better the role of age-related changes in the circadian rhythm in mediating age-related changes in sleep parameters, studies of circadian rhythm in middle-aged participants are required, as suggested by Carrier et al. (1997) . Whatever the case may be, the advanced sleep phase syndrome observed even in good sleepers was not considered to be a sleep disorder. This result is in accordance with studies showing that age-related changes in sleep timing and structure occur in healthy subjects and are not necessarily associated with sleep complaints (Carrier et al., 1997; Ehlers et al., 1998) . Eveningness, reflecting a phase delay, was associated with sleep disorders and mood disorders. Eveningness-like participants widely reported difficulty in triggering sleep and experienced sleepiness in the morning. Morning sleepiness was also observed in good sleepers. These sleep complaints may be explained by the phase shift between the circadian clock and socioeconomic constraints. On working days, where work schedules better match the sleep-wake cycle of morning participants, evening participants awaken near the body temperature nadir (or melatonin peak) and go to sleep when the body temperature is high (or level of melatonin is low). Flexibility of the sleep-wake cycle observed in evening participants could explain why good evening sleepers did not report any difficulty in triggering sleep. In this chronotype, sleepiness in the morning could be caused by the sleep debt observed in a previous study (Taillard et al., 1999) or by the phase delay of their sleepiness rhythm. Sleepiness in the morning and the chronic sleep deprivation could reduce the degree to which participants felt energetic, as assessed by the NHP. Early-morning waking, and therefore morningness, were not related with depression either in our study or in other studies (Broman and Hetta, 1998; Chelminski et al., 1999) . Even if we did not measure depression with validated quantitative scales after adjustment for confounding variables, the association with eveningness and a higher social isolation score of the NHP or eveningness and a higher emotional reaction score of NHP could confirm the relation between the higher incidence of depression and eveningness. The disappearance of these two variables in the model taking into account all the NHP dimensions could be explained by the large weight of the sleep dimension in this model. Consequently, mood disorders could be associated with eveningness. Our findings confirm those of Drennan et al. (1991) , who speculated that morningness might be protective against depression, whereas eveningness might cause increased vulnerability. Our work does not confirm the phase advance hypothesis of depression (Wehr et al., 1979) , as suggested by others (Kripke, 1979; Tsujimoto et al., 1990; Taillard et al., 1992) . Nevertheless, in depressed patients, it is possible that their estimation of diurnal preference may be partly biased by the sensation of malaise in the morning, which might in turn modify answers to those items involving morning status and performance (Taillard et al., 1990) .
In conclusion, diurnal preference could be related with worse self-reported morbidity and health such as sleep or mood disorders. These findings, and especially quality of life, should be verified by epidemiological studies in larger cohorts more representative of the general population.
